INTRODUCTION
To maintain a balanced N and S supply for yield and quality was stressed at oilseed rape (Zhao et al., 1997; Ahmad et al., 1999; McGrath and Zhao, 1996) . According to Ahmad et al. (1999) applications of N in split doses and S as a basal dose may create imbalance in the supply of these nutrients during the growth and development of the crop because metabolism of N and that of S are closely linked and play a central role in protein synthesis. In their experiment S was applied (40 kg/ha S in the form of gypsum) in split doses along with N at Brassica juncea L. and Brassica campestris L. On the basis of results it was concluded that S must be applied in split doses for optimum growth and yield of Brassica genotypes. Also, genetic variability was observed between the two genotypes in response to split application of S and N. The positive impact of S on seed yield at oilseed rape was achieved mainly through reduced pod abortion (Zhao et al., 1993) .
In the experiment by Singh and Aggarwal (1998) gypsum applications reflected in better pod length, sees/pod, TGW, protein content and yield of blackgram (Phaseolus mungo) compared to the other source of sulphur tested (elemental S, pyrite, gypsum). On the other hand pyrite applications reflected in higher yields compared to gypsum applications at clusterbean (Cyamopsis tetragonoloba) in the experiment by Shekhawat et al. (1996) ; the increasing levels of sulphur from 0 kg/ha to 40 kg/ha increased grains/pod. In the combination with NPK fertilizers gypsum applications reflected in significant improvement in yield of groundnut (Arachis hypogaea L.) (Prasad et al., 2002) . On the other hand, in the experiment by Moreira et al. (1998) the S source (gypsum and K 2 SO 4 ) did not affect yield of white clover (Trifolium repens). Among the sources of sulphur, gypsum proved significantly superior with respect to yield attributes (pod/plant and TGW), grain and straw yields and harvest index at different cultivars of lentil (Lens culinaris) in the experiment by Singh and Chauhan (2002) . Gypsum applications (250 kg/ha) reflected in significant improvement in yield attributes and seed yield of Indian mustard (Brassica juncea L.) (Rao and Shaktawat, 2002) . In the experiment by Samui and Bandopadhyay (1997) application of sulphur through gypsum significantly increased seed yield and oil yield at Indian mustard compared to pyrite. An increase in S level significantly increased the seed yield (0-50 kg/ha S). On the other hand the source of sulphur (gypsum, elemental S, pyrite) did not influence the growth, yield attributes and yields as well as quantity of Indian mustard (Brassica juncea L.) in the experiment by Kumar et al. (2001) . Applications of 40 and 60 kg/ha S gave significantly higher yield and quality (protein and oil contents in seed) over 20 kg/ha and no S applications. Kowalenko (2004) investigated response of forage grass to sulphur applications on coastal British Columbia soils. In his experiments spring gypsum applications increased yield in two and decreased yield in one of six trials. Powdered elemental S was available to plants sooner than an elemental S fertilizer, but neither as quickly as gypsum. In the experiment by Sanderson and Carter (2002) gypsum increased the S content of rutabaga leaf tissue and reduced soil pH, at the same time marketable yield of rutabagas was not affected by addition of Ca and S amendments on sandy loam to loamy sand Podzols. The effect of gypsum as a sulphur fertilizer on the yield and growth was tested also on other crops, such as sunflower (Helianthus annuus L.) (Intodia and Tomar, 1997) , cabbage (Brassica oleracea L. var. capitata) (Sandreson et al., 1996) , cereals (Withers et al., 1995) .
In the experiment of Hamza and Andreson (2002) the impact of gypsum on solving problems with soil compaction on clay soil with massive soil structure was investigated. Its application (2.5 t/ha) increased water-stable aggregates, the combination of soil ripping and gypsum application in the presence of complete nutrients and annual return of crop residues to the soil was suggested to improve crop grain yield and soil physical fertility on a range of Western Australian soils. Grain yields (wheat and legumes) were increased slightly more on the loamy sand soil than on the sandy clay loam soil due to deep ripping and gypsum application (Hamza and Andreson, 2003) . By Fageria and Baligar (2001) in tropical acid soils adequate gypsum use is one of the factors to improve nutrient use efficiency by annual crops.
It can be seen from the literature cited that gypsum (CaSO 4 (.)2H 2 O) is tested in field experiments mainly as an aggregating agent and as a sulphur fertilizer. In the presented investigation gypsum was used as a sulphur fertilizer in the production of winter oilseed rape (Brassica napus L. var. napus); its impact on the seed yield, oil content, oil yield, protein content and protein yield was compared to another source of sulphur (K 2 SO 4 ). Fertilization by S at sowing and in spring were compared, split dose of S applied by gypsum was included. Response of two different genotypes (cultivar Smart and hybrid Toccata) was detected.
MATERIAL AND METHODS

Experimental layout
The experiment • No fertilization by sulphur;
• Sulphur in the form of gypsum applied at sowing (50 kg/ha S);
• Sulphur in the form of K 2 SO 4 applied at sowing (50 kg/ha S);
• Sulphur in the form of gypsum applied in spring (50 kg/ha S);
• Sulphur in the form of K 2 SO 4 applied in spring (50 kg/ha S);
• Sulphur in the form of gypsum applied at sowing (20 kg/ha S) and in spring (30 kg/ha S).
Gypsum was a product of Cinkarna Celje d.d., its composition is stated in Table 1 . The experiment was treated according to the good agricultural practice; all the other agrotechnical arrangements except sulphur fertilization were the same for all plots and performed by machines. Sulphur fertilization was performed manually by plots. At the time of maturity experimental field was harvested plot by plot by the plot combine. Yield was weighted; samples of grain to analyse moisture, oil content and protein content were taken.
Chemical analyses
Moisture content was detected according to ISO 665:1977. Oil content was determined according to ISO 659:1998; oil is extracted out of grinded seeds by a solvent (hexan). After four hours solvent is removed by rotavapour. Fatty acids in oil were derivatized with BF3 to its methyl esters and detected by gas chromatograf (Flame Ionization Detector) according to the method by Hamilnton and Hamilton. Protein content was determined according to the method by Kjeldahl. The method consists of heating a substance with sulfuric acid which decomposes the organic nitrogen present to ammonium sulfate.
Processing of statistical data
Results were statistically processed by the computer program Statgraphics for block trial in three replications, differences among treatments were detected by Duncan multiple range test (p<0.05).
Weather and soil conditions
Autumn and winter in the season 2006/07 were rather warm compared to the long term average; growth of plants was fast in autumn, a good rosette form was reached before winter, growth was stopped for only a short time in January. January was warmer for some degrees compared to the long term average. February was the second warmest in last 50 years. In the first two decades of March relatively high temperatures continued, while after 19 th March it was cooled down and there was snow cower for four days. At that time stems of plants of hybrid Toccata were broken; up to 20% at the treatments where K 2 SO 4 and gypsum were applied in spring. Plants recovered and new stems were formed. There was no damage caused by snow at the cultivar Smart, because plants were still in the rosette form at that time. Mean temperature in April was 13. Soil at the experimental field is medium heavy to heavy (33.3% sand, 40.3% silt, 26.4% gley) . At the beginning of the experiment soil analyze was performed (Table 2) 
Grain yield
Higher yield of grain for 540 kg/ha in the average of six treatments (Table 3) was reached by variety Smart compared to hybrid Toccata. The way of S fertilization impacted the two investigated oilseed rapes differently. Yield responses were not consistent among cultivars in the experiment by Asare and Scarisbrick (1995) , too. It seems that in our experiment S fertilization did not impacted seed yield at variety Smart, while positive effects of gypsum applications at sowing (50 kg/ha or 20 kg/ha S) were detected at hybrid Toccata, although the differences could not be statistically confirmed. It was detected that S fertilization in spring reflected in lower yields of grain at hybrid Toccata, but the differences in the yields compared to the control could not be statistically confirmed. Probably S content in soil at the conduction of the experiment was high enough, so additional S fertilization did not impacted yield importantly.
In the experiment by Donald et al. (1993) there were no significant effects on crop yield as a result of applied S, probably due to a significant input of atmospheric S in that year, as the authors concluded. On the other hand in the experiment by Withers and Odonnell (1994) seed yield of double-low winter oilseed rape was significantly improved by S applications by 10-17% on sandy soils with severe S deficiency symptoms, while seed yield was consistently but not significant increased by an average of 8% on a shallow calcareous soil which did not show S deficiency symptoms. The effect of S on the yield was significant in the experiment by McGrath and Zhao (1996) . The yield benefits were obtained mainly from the application of the first 10 kg/ha S and further yield increases were unlikely above 40 kg/ha S. At the same time seed yield was not increased by S at zero or low (up to 100 kg/ha N) N rates.
At the variety Smart slight better results were indicated when sulphur fertilizers were applied at sowing compared to spring applications (Figure 1 ). At hybrid Toccata better results were indicated gypsum compared to K 2 SO 4 . At variants where sulphur fertilizers were applied in spring, lower yields were detected maybe because these two treatments were damaged by snow in March the most. Split amount of sulphur in the form of gypsum resulted in the lowest yield at the cultivar and the highest at the hybrid. This occurrence should be subject for the following investigations. 
Protein content and protein yield
There were no significant differences among treatments in the crude protein content, while there were important differences among blocks -soil characteristics had an important impact on the crude protein content; in the third block the average value of all six treatments was lower compared to the average value of the first and the second block what brought high variability in the results. At the cultivar Smart a trend of increasing crude protein content was detected with postponing the time of sulfur fertilization, while no such trend was detected at the hybrid Toccata. Exceeding sulphur rate caused lowering in the crude protein content; at the variant 10x S (500 kg/ha S in the form of gypsum) 14.8% of crude protein content was detected.
At the cultivar Smart S fertilization seemed to impact rather negatively on the protein yield, but the differences among treatments could not be statistically confirmed (Table 3) . At the hybrid Toccata gypsum as the source of S gave better results compared to K 2 SO 4 when observing protein yield, but differences among treatments could not be statistically confirmed. Protein yield was impacted positively by gypsum applications at sowing or in a split dose, while spring application of gypsum in a whole dose of S reflected in lowering its protein yield. Applications of the whole amount of S in spring reflected in lowering the protein yield compared to the control (no S fertilization). 
Oil content and oil yield
There was higher oil content at the cultivar Smart compared to the hybrid Toccata by 3.32% in the average of six treatments. There were no differences in oil content among treatments at the cultivar Smart while it seemed that gypsum applications at sowing positively impacted oil content at the hybrid Toccata. The latest could not be said in the case of split gypsum applications and applications of K 2 SO 4 .
In the experiment by Zhao et al. (1993) applications of S had no significant influences on seed yield and oil content at the S-sufficient site while at the Sdeficient site there were significant interactions between S and N on seed yield. Application of S increased oil content in one of three investigated seasons when the degree of S deficiency was particularly severe in the experiment by McGrath and Zhao (1996) . The S treatments (0-80 kg/ha S) decreased oil content by an average maximum of 9 mg/g in the experiment by Withers and Odonnell (1994) . Sulphur application did not influence oil contents in the experiment by Asare and Scarisbrick (1995) .
Samples of oil with the highest and the lowest oil content at both included oilseed rapes were analysed on the presence of fatty acids (Table 4 ). There were no detectable differences between the samples of the same oilseed rape, while there were differences between cultivar Smart and hybrid Toccata. The difference appeared in the content of oleic acid which represented the highest share in oils in all cases. It seems that at the hybrid Toccata higher share of nonsaturated fatty acids is formed compared to the cultivar Smart. Oil yield was comparable between the control and when applying K 2 SO 4 at sowing, all the other variants of S fertilization seemed to lower oil yield at cultivar Smart. At hybrid Toccata gypsum as the source of S gave better results compared to control or K 2 SO 4 as the source of S, while application of gypsum in a split dose reflected in the lowest oil yield at that hybrid, but the differences among treatments could not be statistically confirmed.
CONCLUSIONS
Applications of 50 kg/ha S in the form of gypsum did not significantly impacted the yield of seed (Duncan multiple range test, p<0.05) at the two investigated cultivars of oilseed rapes (cultivar Smart and hybrid Toccata). At cultivar Smart negative impact of spring fertilization by sulphur was detected, while there was a positive impact of gypsum applications at sowing at hybrid Toccata. Oil content was higher at cultivar Smart compared to hybrid Toccata by 3.32%. At cultivar Smart oil content was relatively the same at all six investigated variants (42.3% to 44.3%), at hybrid Toccata differences in oil content among variants were significant (38.9% to 42.4%). At cultivar Smart no fertilization variant impacted importantly the yield of oil, at hybrid Toccata positive impact of spring fertilization by sulphur on the yield of oil was detected. Oil yield was importantly higher at cultivar Smart compared to the hybrid Toccata. Protein content was not impacted by sulphur applications, it was higher at hybrid Toccata compared to cultivar Smart by 1.35%. Because of the higher seed yield at cultivar Smart protein yield was higher at the latest compared to the hybrid Toccata. Different responses of oilseed rape to sulphur applications are reported by other authors, too. The share of linoleic acid was higher at hybrid Toccata by 2.2% to 2.4%, the share of oleic acid was higher at cultivar Smart by 2.2% to 3.1%, shares of other investigated acids did not differ a lot between Smart and Toccata.
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